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Abstract This study evaluated for the first time the life cycle of Amblyomma ovale in the
laboratory. For this purpose, larvae and nymphs were exposed to Gallus gallus (chickens),
Cavia porcellus (guinea pigs), Rattus norvegicus (wistar rats), Oryctolagus cuniculus
(domestic rabbits), Calomys callosus (vesper mouse), and Didelphis albiventris (white-
eared opossum). Nymphs were also exposed to Nectomys squamipes (South American water
rat). Adult ticks were fed on dogs. The life-cycle of A. ovale in laboratory could be com-
pleted in an average period of ca. 190 days, considering prefeeding periods of 30 days for
each of the parasitic stages. Vesper mice were the most suitable host for A. ovale larvae,
whereas water rats were the most suitable host for A. ovale nymphs. Our results, coupled
with literature data, strongly indicate that small rodents have an important role in the life
history of A. ovale. Chickens (the only avian host used in the present study) showed to be
moderately suitable hosts for subadult A. ovale ticks, indicating that wild birds might have a
secondary role in the life history of A. ovale. Domestic dogs showed to be highly suitable for
the adult stage of A. ovale, in agreement with literature data that indicate that the domestic
dog is currently one of the most important hosts of A. ovale adult ticks in Latin America.
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Introduction
The tick Amblyomma ovale Kock is distributed from Mexico to Argentina. Established
populations are considered to encompass all South America countries, except for Chile and
Uruguay. Although there have been several reports of A. ovale in the United States, there is
no indication that this tick is established in that country (Keirans and Durden 1998;
Guglielmone et al. 2003). The adult stage of A. ovale feeds chiefly on Carnivora hosts of all
extant families in the Neotropical region (Labruna et al. 2005a). Other medium to large
T. F. Martins  M. M. Moura  M. B. Labruna (&)
Department of Preventive Veterinary Medicine and Animal Health, Faculty of Veterinary Medicine,
University of Sa˜o Paulo, Av. Prof. Orlando Marques de Paiva 87, Sa˜o Paulo, SP 05508-270, Brazil
e-mail: labruna@usp.br
123
Exp Appl Acarol (2012) 56:151–158
DOI 10.1007/s10493-011-9506-9
sized native mammals, such as tapirs (Tapirus spp), seem to be also important hosts in
more preserved areas (Araga˜o 1936; Labruna et al. 2010). However, the vast majority of
host records have been on the domestic dog, possibly because this domestic species has
been sampled with much more frequency (Guglielmone et al. 2003; Labruna et al. 2005b).
In contrast to the adult stage, much less is known about host usage by subadult stages
(larvae and nymphs) of A. ovale. Guglielmone et al. (2003) reported a list of published
records, which included only 66 nymphs and 7 larvae taken from small rodents
(Echimyidae, Heteromyidae, Muridae), marsupials (Didelphidae), and Carnivora hosts.
Jones et al. (1972) reported that immature stages of A. ovale appear to be primarily
parasites of small rodents, a condition also hypothesized by Guglielmone and Nava (2011).
Recently, Ogrzewalska et al. (2009) reported larvae and nymphs of A. ovale parasitizing
three species of passerine birds in southeastern Brazil, suggesting a possible role of birds in
the dispersion of A. ovale.
Recent studies have shown that A. ovale is an important human-biting tick in South
America (Guglielmone et al. 2006; Szabo´ et al. 2006), and the most common human-biting
tick in the western Brazilian Amazon (Labruna et al. 2005b). All these human infestations
have referred to the tick adult stage, which was recently shown to be naturally infected by
the human pathogen Rickettsia parkeri strain Atlantic rainforest in Brazil (Sabatini et al.
2010; Medeiros et al. 2011), where human rickettsioses caused by this emerging pathogen
has been reported recently (Spolidorio et al. 2010; Silva et al. 2011). In addition, A. ovale
has been considered one of the possible vectors of canine hepatozoonosis in Brazil, where
this tick has been found to be naturally infected with Hepatozoon canis (Forlano et al.
2007).
Considering the medical-veterinary importance of A. ovale, coupled with its poorly
known life history, the present study evaluated for the first time the life cycle of A. ovale in
the laboratory. For this purpose, different host taxa were tested for the subadult parasitic
stages, in order to infer potential suitable hosts of A. ovale in nature.
Material and methods
The A. ovale ticks used in this study were the progeny of six engorged females collected
during May 2007 from naturally infested dogs in the rural area of Monte Negro Munici-
pality, State of Rondoˆnia, Brazil. The engorged females were taken to laboratory and
maintained in an incubator at 27C and 95% RH, under 24 h darkness for egg laying. Egg
masses of the six females were pooled and separated into several aliquots of 50 mg of eggs
that were individually put into cylindrical plastic vials (5 cm 9 1.0 cm) covered with a
cotton bag, and returned to the incubator for egg hatching. Previous observations on
counting the number of eggs for each of 11 batches of 50 mg resulted in a mean number of
1,000.6 ± 35.1 eggs (range: 950.6–1,061.7) per 50 mg of eggs (the mean weight of an
individual egg was 0.048 mg). Only plastic vials with egg hatch greater than 99% were
used for the infestations. For convenience of the study, it was considered that 1,000 viable
larvae were present in each plastic vial used in the infestations.
We performed infestations with larvae, nymphs and adults, of approximately 30 days
old from two consecutive generations (F1 to F2) of the A. ovale population in the labo-
ratory. Six and seven different host species were used to feed larvae and nymphs,
respectively. All larval and nymphal infestations were performed with 1,000 larvae per
host or 60 nymphs per host, respectively. Grouping the two generations, infestations by
larvae or nymphs were performed on two to six tick-naı¨ve individuals of the following host
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species: Gallus gallus (chickens), Cavia porcellus (guinea pigs), Rattus norvegicus (wistar
rats), Oryctolagus cuniculus (domestic rabbits), Calomys callosus (vesper mouse), and
Didelphis albiventris (white-eared opossum); nymphs were also exposed to Nectomys
squamipes (South American water rat) (Tables 1, 2). Adult ticks were fed on four different
crossbred stray adult dogs of unknown previous contact with any tick species. Infestations
consisted of 15 males and 15 females per dog, using two dogs per tick generation.
Feeding periods of larvae, nymphs and adults were observed by brushing ticks onto the
host’s nape, around 12:00 p.m. All hosts were kept in individual wire cages large enough to
allow for host grooming, and nothing was done to prevent self-grooming, a host defense
that is likely to occur under natural conditions. Water and commercial appropriate food
were offered ad libitum. Each cage was kept inside a white plastic box (walls 16 cm high)
with a double face foam adhesive tape (19 mm wide, 3 M) attached to the internal borders
of the box wall to prevent engorged ticks from escaping. Detached engorged ticks were
collected and counted daily at 7:00 p.m. The duration of the feeding period was determined
by the number of days from placement of the ticks on the hosts to the detachment. During
tick feeding the hosts were maintained at a 12:12 photoperiod, using artificial cold light
from 7:00 a.m. to 7:00 p.m.
Detached engorged ticks (larvae, nymphs or adult females) were immediately trans-
ferred to the incubator and kept in darkness at 27C and RH 95%. Lengths of premolt
period (number of days from detachment to ecdysis), preoviposition period (number of
days from detachment to the beginning of oviposition), and incubation period (number of
days from the beginning of oviposition to the hatching of the first larva) were observed
daily. Each engorged female and its total egg mass were weighed on the day of detachment
and 30 days later, respectively. For the measurement of the metabolic activity of females
for the oviposition process, the index of egg production efficiency (EPE) was determined
Table 1 Feeding periods of Amblyomma ovale larvae on different host species and premolt periods under
27C and 95% RH
Host species (n) No.
exposed
ticks
No. ticks that
engorged
(%)
Feeding period
(days)a
No. engorged
larvae that
molted (%)
Premolt period
(days)a
Chicken, Gallus
gallus (6)
6,000 1,217 (20.2)a 4.2 ± 0.5 (3–8)a 548 (45.0)a 13.2 ± 1.6 (11–20)a
Vesper mouse,
Calomys
callosus (6)
6,000 2,173 (36.2)b 4.4 ± 0.9 (3–9)b 1,547 (71.2)b 12.3 ± 1.5 (10–20)b
Wistar rat, Rattus
norvegicus (6)
6,000 823 (13.7)c 4.5 ± 0.9 (4–8)c 471 (57.2)c 15.9 ± 1.5 (12–20)c
Guinea pig, Cavia
porcellus (6)
6,000 145 (2.4)d 5.0 ± 0.8 (4–8)d 22 (15.2)d 15.5 ± 2.0 (13–19)c
Rabbit,
Oryctolagus
cuniculus (6)
6,000 988 (16.5)e 5.6 ± 0.9 (4–11)e 148 (15.0)d 14.2 ± 2.2 (12–20)d
Opossum,
Didelphis
albiventris (4)
4,000 857 (21.4)a 5.0 ± 0.9 (4–10)d 367 (42.2)a 14.3 ± 1.9 (12–22)d
Values on the same column followed by different letters are significantly different (P \ 0.05)
n number of animals
a Mean ± SD (Range in parentheses)
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using the formula: weight of eggs/weight of the engorged female 9 100 (Bennett 1974).
Percentage of hatching for each female egg mass was visually estimated according to
Labruna et al. (2000).
As immature feeding and premolt data did not show normal distribution, they were
compared using the non-parametric Mann–Whitney test for comparison of pairs. The
numbers of ticks that engorged or successfully molted, after exposed to different host
species were analyzed by the Chi-square or Fischer test. The numbers of adult males and
females originated from nymphs were also compared by the Chi-square test, considering a
1:1 (M:F) sex ratio as the null hypotheses. All analyses were performed using the program
Minitab Release 16.
Results
Two consecutive generations of A. ovale were conducted in laboratory. Biological data of
larvae and nymphs of these generations were grouped and are presented in Tables 1 and 2.
The proportion of engorged larvae recovered from the vesper mouse C. callosus (36.2% of
the exposed larvae) was significantly higher (P \ 0.05) than those from the other host
species used in the infestations (Table 1). Chickens and opossums ranked secondly as the
most suitable for larval feeding (20.2–21.4% larval recovery) followed by rabbits (16.5%)
and wistar rats (13.7%). Guinea pigs were the least suitable host, with only 2.4% larval
recovery. The proportion of engorged larvae that successfully molted after fed on each of
the six host species was significantly (P \ 0.05) higher for larvae recovered from vesper
Table 2 Infestation data of Amblyomma ovale nymphs on different host species and premolt periods under
27C and 95% RH
Host species (n) No.
exposed
ticks
No. ticks
that
engorged
(%)
Feeding period
(days)a
No.
engorged
nymphs that
molted (%)
Premolt period (days)a
Chicken, Gallus
gallus (5)
300 49 (16.3)a,c 5.2 ± 0.4 (4–6)a 22 (44.9)a,c 17.7 ± 1.1 (16–19)a
Vesper mouse,
Calomys
callosus (6)
360 65 (18.1)a 6.7 ± 1.1 (5–10)b 49 (75.4)b 17.7 ± 0.8 (17–21)a
Wistar rat, Rattus
norvegicus (2)
120 11 (9.2)c 6.5 ± 0.9 (5–8)b 2 (18.2)c 19.0 ± 1.4 (18–20)a,b
Guinea pig, Cavia
porcellus (6)
360 88 (24.2)b 6.7 ± 1.1 (4–10)b 30 (34.1)c 18.9 ± 2.0 (17–25)b
Rabbit, Oryctolagus
cuniculus (6)
360 40 (11.1)c 5.5 ± 0.7 (4–7)c 24 (60.0)a,b 18.8 ± 0.8 (16–21)b
Water rat, Nectomys
squamipes (4)
240 88 (36.7)d 7.6 ± 1.2 (5–10)d 58 (65.9)b 18.5 ± 1.0 (17–21)b
Opossum, Didelphis
albiventris (2)
120 2 (1.7)e 6.0 ± 1.4 (5–7) 0 (0) –
Values on the same column followed by different letters are significantly different (P \ 0.05)
n number of animals
a Mean ± SD (Range in parentheses)
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mice (71.2% molting success), followed by wistar rats (57.2%), chickens (45.0%), and
opossums (42.2%). Only 15% of the larvae recovered from guinea pigs and rabbits suc-
cessfully molted to nymphs.
The proportion of engorged nymphs recovered from the water rat N. squamipes (36.7%
of the exposed nymphs) was significantly larger (P \ 0.05) than those from the other host
species, including guinea pigs, which were the second most suitable host with 24.2% of
nymphal recovery The remaining host species (chickens, vesper mice, wistar rats, rabbits,
and opossums) were less suitable, with values statistically similar or different between
them, but always lower than 20% of recovery (Table 2). Molting success of engorged
nymphs was statistically similar (P [ 0.05) for nymphs that fed on vesper mice (75.4%
molting success), water rat (65.9%), and rabbits (60.0%), which were significantly higher
(P \ 0.05) than the molting success (\50%) of nymphs fed on the other four host species.
Mean larval feeding periods varied from 4.2 days for ticks exposed to chickens to
5.6 days for those exposed to rabbits (Table 1). Although larval feeding period values were
statistically different (P \ 0.05) between groups of ticks exposed to different host species,
the overall range for the period (3–11 days) overlapped between all hosts. Larval premolt
periods also overlapped between all host species, ranging from 10 to 22 days. Although
some significant differences (P \ 0.05) were found between host species, mean values
varied only from 12.3 days (for larvae fed on vesper mice) to 15.9 days (for larvae fed on
wistar rats). Mean nymphal feeding periods varied from 5.2 days for ticks exposed to
chickens to 7.6 days for those exposed to water rats (Table 1). Although nymphal feeding
period values were statistically different (P \ 0.05) between some host species, the overall
range for the period (4–10 days) overlapped between all hosts (Table 2). Mean nymphal
premolt periods for ticks fed on different host species varied from 17.7 to 19.0 days. These
values can be considered quite similar, although some significant differences were found
between some host species (Table 2). Grouping all nymphs recovered from the seven host
species, the overall sex ratio of A. ovale was 1:0.8 (M:F), which was not statistically
different from 1:1 (M:F), considering the total number of males (93) and females (77)
obtained from the two tick generations. Overall premolt periods of male nymphs (mean:
18.2 days) and female nymphs (18.7 days) were statistically different (P \ 0.05).
Feeding and reproductive data of adult female ticks were grouped for the two gener-
ations and are presented in Table 3. Despite that only half of the exposed females suc-
cessfully fed on the four dogs, these females presented high reproductive performance, as
evidence by high mean values for engorged weight, EPE, and % egg mass hatching. The
life-cycle of A. ovale in laboratory could be completed in an average period of 190 days,
considering the mean feeding and premolt periods of larvae and nymphs exposed to vesper
mice (Tables 1 and 2), the mean feeding and reproductive data of females exposed to dogs
(Table 3) and the prefeeding periods of 30 days of each of the parasitic stages.
Discussion
Despite of the scarcity of host record data for immature stages of A. ovale in the current
literature (Guglielmone et al. 2003; Ogrzewalska et al. 2009), about half of the available
records refer to small rodents of the families Echimyidae, Heteromyidae, and Muridae
(Guglielmone et al. 2003); neotropical rodents of this last family have been classified into
the family Cricetidae (Guglielmone and Nava 2011). In the present study, one Cricetidae
species, C. callosus (vesper mouse), was significantly the most suitable host for A. ovale
larvae, whereas another Cricetidae species, N. squamipes (water rat) was significantly the
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most suitable host for A. ovale nymphs. Our results, coupled with literature data, strongly
indicate that small rodents have an important role in the life history of A. ovale, in
agreement with Jones et al. (1972) and Guglielmone and Nava (2011), who suggested that
small rodents could be main hosts for A. ovale larvae and nymphs under natural conditions.
Gallus gallus chickens (the only bird host used in the present study) showed to be
moderately suitable hosts for subadult A. ovale ticks. This result, coupled with a recent
study that reported A. ovale larvae and nymphs parasitizing passerine birds in southeastern
Brazil, suggest that birds might also have some important role in the life history of
A. ovale, especially concerning dispersion of ticks among different geographical areas. In
this regard, the few available records of A. ovale in the United States (Cooley and Kohls
1944; Durden and Kollars 1992), where this tick is possibly not established, could be a
result of migration of A. ovale-infested birds, as already known for Amblyomma longirostre
(Koch), a typical neotropical species that has been repeatedly introduced in the United
States and Canada by migrating birds (Keirans and Durden 1998; Scott et al. 2001).
As expected, domestic dogs showed to be highly suitable for the adult stage of A. ovale.
Overall, engorged females recovered from dogs weighted around 1,000 mg, and converted
over 60% of their weight into eggs, which were mostly fertile. For instance, the 61.2%
mean EPE reported in the present study is similar or above values that have been reported
for other New World Amblyomma species, when fed on their preferred hosts (Drummond
and Whetstone 1970; 1975; Labruna et al. 2002; 2004). These results reinforce literature
data that indicate that the domestic dog is currently one of the most important hosts of
A. ovale adult ticks in Latin America (Guglielmone et al. 2003).
Recent works have indicated that A. ovale is likely to be the primary vector of an
emerging human spotted fever rickettsiosis in Brazil, caused by R. parkeri strain Atlantic
rainforest (Spolidorio et al. 2010; Silva et al. 2011). Generally, around 10% of A. ovale
ticks have been found to be infected by R. parkeri strain Atlantic rainforest in at least two
Brazilian states where the disease has been confirmed (Sabatini et al. 2010; Medeiros et al.
2011). Since small rodents are known to be main infection sources of pathogenic spotted
fever group rickettsia to various tick species, namely the vectors (Lyskovtsev 1968;
Burgdorfer 1988), further works should determine rodent species that could act as primary
hosts for subadult stages of A. ovale in spotted fever-endemic areas, and verify if these
animals have any role in the life history of this new emerging rickettsiosis of south
America.
Table 3 Feeding periods of
female ticks on domestic dogs
(Canis familiaris) and reproduc-
tive data under 27C and 95%
RH for Amblyomma ovale in the
laboratory
a Mean ± SE (Range in
parentheses)
Biological data Values
Number of exposed females to 4 dogs 60
Number of females that engorged (%) 30 (50.0)
Feeding period (days)a 10.3 ± 1.9 (8–15)
Engorged female weight (mg)a 946.9 ± 230.9
(551.0–1,531.2)
No. females that oviposited (%) 28 (93.3)
Pre-oviposition period (days)a 8.1 ± 1.4 (6–11)
Egg mass weight per female (mg)a 594.1 ± 148.2
(383.2–1,003.9)
Egg incubation period (days)a 40.6 ± 1.8 (38–44)
% Egg mass hatchinga 81.6 ± 19.1 (10–100)
Egg production efficiency (EPE)a 61.2 ± 3.2 (53.4–68.3)
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